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The invention provides an electrochemical sensor system for measuring analyte concentrations in a fluid sample. The invention is 
particularly useful for measuring analytes such as glucose in a patient An implantable glucose sensor (18) includes a disc shaped body 
(20) containing multiple anodes (22) on opposing sides of the body (20). Electrodes (22. 24) are connected to a transmitter (130) which 
transmits radio signals to an external receiver (134) and computer (138) where data is processed to yield glucose concentration figures. 
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DEVICE FOR MONITORING CHANGES 
IN ANALYTE CONCENTRATION 

Field of the Invention 

5 The invention relates to electrochemical systems for measuring 

analyte concentration. In particular, the invention involves a sensor including 

electrodes under a semi-permeable membrane for monitoring analyte 

concentrations in fluids surrounding the sensor. 

Background 

10 There are many instances when it is necessary to monitor the 

concentration of molecules ("analytes") in a fluid. For example, glucose levels 
must be frequently monitored in persons with diabetes so that appropriate doses 
of insulin can be administered in a timely manner. Many other analytes are 
measured commonly in human blood and in other fluids. 

15 A variety of methods and devices for measuring analytes in fluids 

have been devised. One such device, referred to as an electrochemical sensor, 
typically includes oppositely charged electrodes under a semi-permeable 
membrane. Depending on what analyte is being monitored, membranes, 
enzymes and/or other appropriate materials are provided around the electrodes 

20 so that analyte reaction and transport from the fluid surrounding the sensor is 
controlled. Oxidative and reductive reactions take place at or near the 
electrodes, thus causing electron potentials measured as changes in current 
which may be correlated to the concentration of analyte in the fluid. 
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Electrochemical sensors have been used to measure glucose in 
human blood for a long time. Most of these sensors are designed to measure 
glucose in a blood sample which has been drawn or extracted from the patient. 
For patients such as people with diabetes who must test blood glucose levels as 
often as several times per day, the regular blood drawing process (typically by 
finger tip puncture) becomes quite cumbersome, messy and even painful. The 
diabetic must cany special equipment for extracting blood. Some patients fail 
to test as frequently as they should because of problems associated with the 
blood extracting process. 

THerefore, it has been recognized for a long time that an 
implanted glucose sensor would offer the important advantage of avoiding the 
need for repeated blood extraction. However, there are other problems which 
must be addressed with an implantable sensor. First, there must be a 
mechanism for accessing raw electrical data generated by the sensor under the 
patient's skin. Protruding wires are undesirable because they are cumbersome, 
prone to causing infection and sometimes painful. Accordingly, it is preferable 
to include a wireless data transmission (telemetry) device coupled to the sensor 
in a single implantable unit so that no trans-dermal wires are required. 

Second, an implanted sensing unit may cause internal trauma, i.e., 
bruising or bleeding from the patient's routine movement or contact with his or 
her environment, especially if the sensing unit is large or thick or if it is 
geometrically shaped with any sharp points or edges. 
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Another problem associated with implantable sensors is that over 
time (days and weeks) a cellular coat tends to develop around the sensor which 
may eventually block the analyte of interest from contacting the electrodes, 
thus causing the sensor to fail. 
5 For these reasons, and perhaps other reasons, researchers in the 

field have been unsuccessful in their attempts to produce an implantable sensor 
unit which is capable of functioning satisfactorily for a sufficient period of time 
to justify the expense and inconvenience of producing and surgically 
implanting the sensing hardware. 

10 A viable implantable glucose sensor should provide reliable 

performance for at least 1-2 months, preferably three months or more. During 
its useful life, the device should generate a predictable dose response over a 
concentration range of approximately 40 to 400 milligrams per deciliter 
(mg/dl). The device should exhibit a lag time between a concentration change 

15 and the resulting signal output of less than 20 minutes, preferably less than 10 
minutes. The sensor should be relatively insensitive to potential interfering 
substances such as ascorbic acid and acetaminophen. The device should be 
relatively accurate for at least several days after calibration (stability). Glucose 
measurement with the sensor should be precise to at least within approximately 

20 10 mg/dl. The sensor should be incorporated in an implantable unit which is 
capable of wireless data transmission, and which is dimensioned so as to 
minimize surgical complication and risk of pain, bruising or other internal 
trauma. 
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Summary of the Invention 
The objectives stated above are achievable with the device and 
system of the present invention which includes a device for electrochemically 
sensing changes in the concentration of an analyte of interest. 
5 In one embodiment of the invention, the device includes a sensor 

body having two opposing sides. Each side of the body includes at least one, 
preferably several, anode(s) and at least one cathode spaced apart from each 
other and covered by a membrane which is semi-permeable to the analyte of 
interest. In a preferred sensor design for measuring glucose, plural anodes are 
10 disposed on two opposing sides of a disc-shaped sensor body. The anodes are 
covered by an enzyme layer including glucose oxidase and an outer semi- 
porous membrane layer made of a material such as Parylene™ ("PPX") or 
Chronoflex™ AR ("CAR"). 

In another embodiment of the invention, the sensor body contains 
15 a plurality of electrode pairs, each pair including an anode and a cathode. The 
electrode may take the form of points or lines. In one design linear electrodes 
are arranged in a "spoke-like" configuration. The electrode pairs preferably are 
disposed on both sides of the body. 

An implantable glucose sensor, according to the present 
20 invention, may be electrically coupled to a transmitter which includes a power 
source, for example a battery. The transmitter is capable of converting data 
signals from the sensor into corresponding radio signals. A receiver is provided 
remotely from the sensor for receiving the radio signals. A processor is 
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connected to the receiver and used to interpret the radio signals, to yield analyte 
concentration figures. 

The present invention also provides a method of making an 
analyte sensor. A substantially disc-shaped body is provided with two 
5 opposing sides. At least one cathode and plural anodes are created on each side 
of the body. A semi-permeable membrane is deposited on the electrodes. 
When the method is employed to make a glucose sensor, the enzyme layer 
including glucose oxidase is created between the anodes and the semi- 
permeable membrane. An interferent retarding layer may be created between 
10 the anodes and the enzyme layer. 

Description of the Figures 
Figure 1 is a partially cut-away perspective view of an analyte 
sensor in accordance with a preferred embodiment of the present invention. 

Figure 2 is a cross-sectional view of the sensor shown in Figure 

15 1. 

Figure 3 is a top view of an analyte sensor in accordance with a 
second embodiment of the present invention. 

Figure 4A is a top view of an analyte sensor employing linear 
electrodes in accordance with a third embodiment of the present invention. 
20 Figure 4B is a partial cross-sectional view of the sensor shown in 

Figure 4A. 

Figure 5 is a top view of another analyte sensor in accordance 
with a fourth embodiment of the present invention. 



WO 97/19344 



PCT/US96/18724 



34 

WE CLAIM: 



1- A device for electrochemically sensing changes in the 
concentration of an analyte of interest comprising 

a body having a pair of spaced facial expanses, each expanse of 
the body including at least one anode and at least one cathode spaced apart 
from each other and covered by a membrane which is semi-permeable to the 
analyte of interest. 

2. The device of claim 1 wherein the analyte of interest is 

glucose. 

3. The device of claim 2 wherein each expanse is at least 
partially covered by an enzyme layer including glucose oxidase between the 
anode and the membrane. 

4. The device of claim 1 wherein the membrane comprises 
polyparaxylxylene. 

5. The device of claim 1 wherein each expanse of the body 
includes a plurality of anodes. 
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6. The device of claim 5 wherein each expanse of the body 
has a plurality electrode pairs, each electrode pair including one anode and one 
cathode. 

7. The device of claim 6 wherein each expanse of the body 
has four electrode pairs. 

8. The device of claim 7 wherein the body is disk-shaped. 

9. The device of claim 3 wherein each expanse of the body 
has an interferent retarding layer between the anode and the enzyme layer. 

10. A device for electrochemically sensing changes in the 
concentration of an analyte of interest comprising 

a body including at least one anode and at least one cathode, and 
a membrane comprising polyparaxylxylene or a carbonate-based 
polyure thane covering the anode. 

11. The device of claim 10 further comprising a layer 
including glucose oxidase disposed between the anode and the membrane, the 
device being capable of sensing changes in glucose concentration of a fluid 
surrounding the device. 
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12. The device of claim 10 wherein the body has two opposing 
sides, each side of the body having at least one anode and at least one cathode. 



13. The device of claim 12 wherein each side of the body has 
a plurality of anodes. 

14. The device of claim 13 wherein each side of the body has 
a plurality of cathodes, each cathode being paired with one of the anodes. 

15. A device for electrochemically sensing the concentration 
of an analyte of interest comprising 

a body having a plurality of electrode pairs, each pair including 
an anode and a cathode. 

16. The device of claim 15 wherein the body has two opposing 
sides, the electrode pairs being distributed on both sides of the body. 



17. The device of claim 16 wherein the body is disk-shaped. 



18. The device of claim 16 wherein each side of the body has 
at least four electrode pairs. 
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19. The device of claim 15 wherein the anodes lead to a 
common anode conductor and the cathodes lead to a common cathode 
conductor. 

20. The device of claim 15 wherein the analyte of interest is 
glucose and each anode is covered with an enzyme layer comprising glucose 
oxidase. 

21. An implantable device for electrochemically sensing 
changes in the concentration of an analyte of interest, and transmitting signals 
indicative of the concentration changes, comprising 

a transmitter including a power source, 

a sensor electrically coupled to the transmitter, the sensor 
including a disk-shaped body having two opposing sides, each side of the body 
having and a cathode and a plurality of anodes, whereby the combined 
transmitter and sensor can be implanted in a mammal for wireless transmission 
of data indicative of analyte concentration to an external receiver. 

22. The device of claim 21 wherein the analyte of interest is 

glucose. 
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23. The device of claim 22 further comprising 

an enzyme layer comprising glucose oxidase covering the anodes, 

and 

a membrane semi-permeable to glucose covering the enzyme 

layer. 



24. The device of claim 21 further comprising an amplifier 
and an electrometer, the cathodes and anodes from the sensor being connected 
to the amplifier and the electrometer converting current signals into voltage 
signals before transmitting corresponding data signals to an external processing 
device. 

25. The device of claim 21 further comprising an analog-to- 
digital converter connected to the sensor for converting analog signals 
indicative of current changes into digital signals prior to transmitting 
corresponding data to an external receiver. 
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26. An analyte concentration monitoring system comprising 

a sensor including a body having two opposing sides, each side of 
the body having at least one cathode, plural anodes and a semi-permeable 
membrane covering the anodes, the sensor being capable of generating analog 
data signals indicative of analyte concentration in a fluid surrounding the 
sensor, 

a transmitter including a power source, the transmitter being 
electrically coupled to the sensor and capable of converting the data signals into 
corresponding radio transmission signals 

a receiver for receiving the radio transmission signals at a remote 

location. 

27. The system of claim 26 further comprising a processor 
connected to the receiver for interpreting and converting the radio transmission 
signals into analyte concentration information. 

28. A method of making an implantable analyte sensor 

comprising 

providing a body having two opposing sides, 

creating at least one cathode and plural anodes on both sides of 

the body, and 

depositing a semi-permeable membrane on the cathodes and 

anodes. 
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29. The method of claim 28 wherein the analyte is glucose, 
further comprising depositing an enzyme layer including glucose oxidase on the 
anodes before the step of depositing the semi-permeable membrane. 



30. The method of claim 28 comprising depositing a layer of 
polyparaxylxylene or ChronoflexO AR on the enzyme layer. 

31. The method of claim 28 comprising forming the body in 
the shape of a disk. 

32. The method of claim 29 further comprising electrically 
coupling the sensor to a radio transmitter. 



33. The method of claim 32 further comprising 
implanting the sensor and transmitter into a mammal, 
sensing glucose concentration changes, 

transmitting corresponding radio signals to a remote receiver, and 
processing and interpreting the radio signals into glucose 
concentration data. 
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34. A system for monitoring analyte concentrations in the 
blood of a mammal comprising 

an organization of implantable sensors, each sensor including an 
anode and a cathode covered by a membrane which is semi-permeable to the 
analyte. 

35. The system of claim 34 wherein the analyte is glucose, 
further comprising an enzyme layer between the anodes and the membrane. 

36. The system of claim 34 further comprising a body 
substantially containing all of the sensors. 

37. The system of claim 36 wherein the body is substantially 
disk shaped and has two opposing sides, the sensors being disposed on both 
sides of the body. 

38. The system of claim 37 wherein each side of the body has 

four sensors. 

39. The system of claim 34 further comprising a plurality of 
bodies, each sensor being provided in a separate body. 
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40. The system of claim 34 wherein all anodes lead to a 
common anode conductor and all cathodes lead to a common cathode 
conductor. 



41. A device for sensing changes in the concentration of an 
analyte of interest comprising 
a body, 

an analyte detection mechanism contained within the body, and 
a fibrotic coat interference inhibitor in close proximity to the 

body for decreasing interference with analyte detection due to formation of a 

fibrotic coat around the body. 



42. The device of claim 41 wherein the analyte is glucose. 



43. The device of claim 41 wherein the inhibitor has the 
property of decreasing the rate of collagen deposition on the body. 

44. The device of claim 41 wherein the inhibitor has the 
property of increasing vascularity in a fibrotic coat. 



45. The device of claim 41 wherein the inhibitor is a steroid. 
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46. The device of claim 4 1 wherein the inhibitor is a vascular 
growth factor. 

47. The device of claim 45 wherein the inhibitor is selected 
from the group consisting of dexamethasone, relaxin and gamma interferon, or 
mixtures thereof 

48. The device of claim 46 wherein the inhibitor is selected 
from the group consisting of vascular endothelial growth factor, endothelial cell 
growth factor, and mixtures thereof. 

49. The device of claim 41 wherein the inhibitor is 
incorporated in a polymer matrix which provides controlled relatively constant 
release of the inhibitor over time into tissue surrounding the body. 

50. The device of claim 49 wherein the polymer matrix 
includes a material selected from the group consisting of 
polydimethylsiloxane, poly-1- lactic acid, polyglycolic lactic acid and mixtures 
thereof. 



5 1 The device of claim 50 wherein the polymer matrix is in 
the form of a tape impregnated with the inhibitor. 
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52. The device of claim 4 1 wherein the body is substantially 

disk shaped. 

53. The device of claim 52 wherein the body has a peripheral 
edge, the inhibitor being impregnated in a time-release polymer matrix 
associated with the peripheral edge of the body. 

54. The device of claim 4 1 wherein the inhibitor is 
dexamethasone. 

55. The device of claim 49 wherein the inhibitor comprises 
dexamethasone and the polymer matrix comprises polydimethylsiloxane. 

56. The device of claim 4 1 wherein the body has a pair of 
spaced facial expanses, each expanse of the body including at least one anode 
and at least one cathode spaced apart from each other and covered by a 
membrane which is semi-permeable to the analyte of interest. 

57. The device of claim 56 wherein the analyte of interest is 

glucose. 
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58. The device of claims 1,2,3,4,5,6,7,8 or 9 further 
comprising a fibrotic coat interference inhibitor in close proximity to the body 
for decreasing interference with analyte detection due to formation of a fibrotic 
coat around the body. 

59. The device of claim 58 wherein the inhibitor is a 
corticosteroid or a growth factor. 

60. The device of claim 41 wherein the effective dose of 
inhibitor is large enough to significantly decrease interference with analyte 
detection caused by fibrotic capsule formation, but small enough to avoid 
adverse systemic effects. 
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